Hydraulic structures can be accepted as the key components in improving aeration efficiency because of the strong turbulent mixing associated with substantial air bubble entrainment at these structures. Different hydraulic structures have been designed to enhance aeration such as stepped cascades. A laboratory model of stepped cascade weir with five different shapes of end sill (normal, triangle, rectangle1, rectangle2 and rectangle3) have been installed at AlMustansiriya University, College of Engineering to evaluate treatment system and reduced pollutants in marginal water for different flow rates (35,60 and 80 L/min). Results indicate that high removal efficiency of all pollutants parameter (Cu, Cr, Mo, Br, Fe, Mn, Zn, PO4, Cl -, ClO2, Hardness as CaCO 3 , NH 3 , NO 2 , Toxic matter) is for rectangle1 shape at Q=60L/min. High aeration efficiency is 45.7% for rectangle1 shape at Q=80L/min. High removal efficiency for BOD 5 and COD are 48% and 47% respectively for rectangle 1 at Q=80 L/min.
1-Introduction
Many different types of wastewater are produced by domestic and industrial sources [1] . Marginal quality water is defined as that which poses a threat to sustainable agriculture and/or human health by virtue of its quality, but which can be used safely for irrigation provided certain precautions are taken [2] . Hydraulic structures such as stepped cascades increase the amount of dissolved oxygen in a river system, even though the water is in contact with the structure for only a short time [3] . Stepped chutes cause vigorous turbulence of the water as it flows over it through a significant residence time .This shall enhance the air-water mass transfer of chemicals as the amount of air bubbles increase the surface area and consequently raise the concentration of dissolved oxygen. Thus stepped chutes are used also for in-stream re-aeration and in water treatment plants to enhance the air-water transfer of atmospheric gases (e.g. oxygen ) and of volatile organic components [4] . Cascade has been utilized as a hydraulic structure for years. It has proved to be the least costly aeration system in replenishing dissolved oxygen [5] . Dissolved oxygen (DO) is a major contributor to wastewater quality, where aerobic bacteria breathe oxygen to decompose the organic matters. According to adopted treatment processes, the proposed aeration system may differ from extensive use of mechanical systems for oxygen transfer to biological reactors in large wastewater treatment facilities, to simple use of cascades for increasing oxygen concentrations in wastewater where appropriate [6] . Aeration is one of the most elemental techniques frequently employed in the improvement of the physical and chemical characteristics of water. the processes by which the aeration accomplishes the desired results are:
• Scrubbing action or Sweeping caused by the turbulence of water and air mixing together.
• Oxidation of certain metals and gases. [7] .
This study aims to evaluate aeration efficiency of stepped cascade weirs system and evaluate removal efficiency of pollutant parameters from marginal water for different flow rates.
2-Experimental Arrangement and Experiments
Marginal water has been prepared from domestic waste and leachate wastewater. The laboratory model consist of inlet tank, inlet pump, transparent methacrylate cascade structure, recycling tank, recycling pump and outlet tank connected to each other by pipes, fittings and flow meter. The schematic representation of lab-scale unit is shown in Fig.1 .
The cascade structure was constructed from three parts. The first part is a settling transparent methacrylate tank of dimension (0.8*0.6*1.25)m, the second part is transparent methacrylate cascade steps of dimension (2.44*0.23*1.25)m, the third part is a recycling transparent methacrylate tank of dimension (2.44*0.25 *0.36)m as shown in plate (1). Each part was made from a frame of iron angle connected to each other by welding and transparent methacrylate. In the settling tank there is a weir of 0.3 meter length and 0.23 meter width which calibrated to calculate the discharge as shown in plate (2). 
3-Oxygen Transfer Process:
The rate of mass transfer, dm/dt of oxygen from the atmosphere to the body of the turbulent liquid generally is proportional to the difference between the existing concentration C and the equilibrium or saturation concentration Cs of oxygen in the liquid. It can be expressed as:
Where C is DO concentration, KL is the coefficient of diffusion of oxygen in the liquid, A is surface area associated with the volume, V, over which transfer occurs, Cs is saturation concentration, and t is time. The term A/V is often called the specific surface area, a, or surface area per unit volume. According to Henry's Law, liquid temperature has a direct proportional effect on the solubility of gas in liquid, the most often used.
Collecting process of (DO) and (BOD 5 ) samples where in Winkler bottles 250 ml (white bottle for DO and dark bottle for BOD 5 ) as shown in plate (4).
Plate 4: Winkler bottles in cooling portfolio

4-Results and Discussion
4-1 Dissolved oxygen and aeration efficiency (E 20 %)
The results illustrated that the level of DO has increased as the marginal water discharged over the stepped cascade. This could be attributed to the air bubbles entrained during the aeration process similar to the findings of [8] . The mechanism of aerating over weirs includes three steps. The first one includes minor aeration from water flowing over the weir directly to the jet. The second includes aeration on the surface of the pool from the jet depending on the intensity of surface agitation. The third and most contributing to the oxygenation process is the bubble aeration from air entrained in the jet and pool to which the jet is discharging [9] .
The discharge of the marginal water over the steps has caused turbulence at the water surface which caused the appearance of the white foam at the surface as shown in plate (5).
However it is observed that the amount of white foam is increased as the discharge is increased.
Plate 5: Appearance of air bubbles on the water surface due to aeration (Rectangle1) Figure ( 3) represent the aeration efficiency for different flow rates, the figure shows that maximum aeration efficiency for the rectangle 1 shape at Q=80 L/min is 45.7% and the minimum aeration efficiency for normal shape at Q=35 L/min is 23%.
The aeration efficiency for weirs varies with discharge. The aeration efficiency decreases with an increase in discharge. Novak (1973 and 1978) and Van der Kroon (1969 and 1969) reported a constant increase in the aeration efficiency with decreasing discharge. At low discharges, on the other hand, breakup of the jet is observed as drop height increases, this leads to reduced penetration and bubble contact time into the downstream water pool and so reduced aeration efficiency [10] . In this study the results show that aeration efficiency increased as flow rates increased, aeration efficiency was greatest with the rectangle 1 notch weir because increased discharge and small area result increased velocity of water and in turbulent mixing which will contribute to the oxygen transfer, and after effect high aeration. The weir geometry defines jet shapes that are unique to each weir, and the oxygen transfer seems to strongly depend on these jet shapes.
4-2 Removal efficiency of pollutant Parameters
From the results high removal efficiency were for rectangle 1 shape at Q=60 L/min for all pollutant parameters.
From figure (4) to figure (17) observe that greater Removal efficiency E% was for rectangle 1 at Q=60 L/min for all polluted element. For rectangle 1 at Q=60 L/min, maximum removal efficiency was for NO 2 is 50.9% and minimum removal efficiency was for Mn is 15.13%. Although the aeration efficiency is increased at 80 L/min but It should be considered that the retention time for the wastewater flowing over the stepped cascade is very short at Q=80 L/min ,so the Removal efficiency E% was greater at Q=60 L/min for all shapes Compared to other flow rates.
Stepped cascade weir removes or modifies the constituents of marginal water using two methods scrubbing action and oxidation action. Scrubbing action is caused by turbulence which results when the marginal water and air mix together. The scrubbing action physically removes gases from solution in the marginal water, allowing them to escape into the surrounding air. Carbon dioxide and hydrogen sulfide and chlorine (Cl -) can be removed by scrubbing action. Scrubbing action will remove tastes and odors from water if the problem is caused by relatively volatile gases and organic compounds, also aeration provides the dissolved oxygen needed to oxide the iron and manganese, it takes 0.14 mg/L of O2 to oxidize 1 mg/L of iron; and 0.29 mg/L of O2 to oxidize 1 mg/L of manganese. Oxidation reaction of iron is: 
4-3 Reduction efficiency of Biological Oxygen Demand (BOD 5 ) and Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD 5 ), is one of the most important and useful parameters indicating the strength of wastewater (amount of organic load/pollution). It is an estimate of the waste strength in terms of the amount of dissolved oxygen required by the microorganisms to break down the wastewater.
Figure (18) show that maximum Reduction efficiency E% for rectangle 1 at Q=80 L/min is 48%, minimum Reduction efficiency E% for normal shape at Q=35 L/min is 16 %.
Chemical oxygen demand (COD) is a measure of chemical decomposition of organic and inorganic contaminants that consume dissolved oxygen.
Figure (19) show that maximum Reduction efficiency E% for rectangle 1 at Q=80 L/min is 47% , minimum Reduction efficiency E% for normal shape at Q=35 L/min is 15.5 %.
The decay of organic matter in water is measured as biochemical or chemical oxygen demand. It should be considered that the retention time for the wastewater flowing over the stepped cascade is very short; thus the effect of microorganism to decompose the organic matter is little. 
